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Abstract
The characteristics of the 1982 larval year class are described and 
compared to those of previous year classes. The comparison suggested 
that the 1983 and 1980 fisheries are appropriate for forecasting purposes. 
Because the harvest of the 1983 fishery is extremely low and as yet in­
complete, the present forecast is set at less than 9,000 MT and less 
than 222 X 10^ fish.
The possibility exists that spawning units in central Maine and per­
haps western Maine are weakened compared to those in eastern Maine. This 
weakness may be masked by contributions of larvae from east to west along 
the coast. A suggestion is made to increase the production of young.
BACKGROUND
Larval herring hatch from eggs deposited on the bottom of coastal 
water adjacent to the Maine coast. Spawning occurs from late summer 
through early winter with the greatest activity in the autumn. Three 
hatching areas are present along the coast, in the vicinities of Machias 
Bay, Boothbay and Saco Bay. Larvae hatched in the first area drift 
westward along the coast entering the estuaries and embayments. Those 
hatched in the other two areas move shoreward and into the surrounding 
inshore region. The larvae overwinter inshore, although a few remain 
in the coastal water. By late spring, they metamorphose into their 
juvenile form and are called brit by fishermen who observe them inshore 
during summer. After overwintering inshore, the 2-year-old juveniles 
are the prime target of the sardine fishery.
Research on larval herring during earlier years (1961-73) suggested 
a relationship between larval indices of abundance, mortality and the 
harvests of juveniles in the sardine fishery. In the earlier years, such 
harvests with fixed gear were thought to be representative of the juvenile 
population (Anthony and Waring, 1980). After 1973, the distribution of 
larvae was considerably altered with relatively small larvae entering in­
shore waters in the winter as well as in the autumn (Graham, 1982) . Later 
comparisons using otoliths confirmed the suggestion that late spawning 
was intensified by the herring populations (Graham et al. MS, 1983). In 
1978, the production of larvae, indicated by their catch rates, fell pre­
cipitously to a new low level from which it has not recovered.
The purpose of this evaluation is to forecast recruitment to the sar­
dine fishery and to hindcast the relative condition of the coastal spawning 
populations. To forecast the harvest of 2-year-old herring to the sardine
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fishery, the characteristics of the larval year class are considered.
These include their autumn peak in catch rate, their condition in winter, 
the catch rates of larvae hatched late, their winter mortality when late 
hatching did not occur, their general level of catch rate throughout the 
autumn and winter, their relative age and their catch rate in the spring. 
Some of these characteristics are compared to those of larvae from previous 
years to find one or more when larval characteristics were similar. The 
harvests from these larval year classes were used as a forecast (Table 1) . 
In addition to point estimates, the larval characteristics sometimes 
suggested a range while in other situations, only the lower end of a range 
was available from the larval data. To indicate how well the forecasts 
fared, their accuracy is expressed as a percentage of the harvests using 
the midpoint of the forecast whenever a range occurred. For forecasts of 
tonnage, the success was 65% on the average with a range, 51-96% (Table 2) . 
Forecasts of numbers were much better, averaging 74% with a range of 65- 
81%. Such improvement would be expected since herring grow faster in some 
years than others. Also, the better agreement attests to the relative 
accuracy in coastal sampling and aging juvenile herring by the Juvenile 
Herring Project (DMR) and the Assessment Program (NMFS) as well as to the 
sampling of larval herring. No attempt is made to estimate the relative 
size of the spawning stock. Rather, a vigil is kept concerning possible 
extreme fluctuations indicated by unusual changes in larval production.
DISTRIBUTION
Eastern coastal Maine: Scientists from the Maine Department of 
Marine Resources, the Bigelow Laboratory for Ocean Sciences, the Univer­
sity of Maine and the Canadian Department of Fisheries and Oceans joined 
in a series of larval herring research cruises during the autumn, 1982,
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in the waters of the eastern Gulf of Maine. The surveys provided infor­
mation on the distribution, abundance and drift of larval herring and their 
planktonic food resources and the feeding habits of the larvae. Results 
of surveys during October and late November to early December are shown 
in Figures 1 and 2 for three size groups: (1) those recently hatched and 
less than 10 mm S.L.; (2) those 10-15 mm S.L.; and (3) those greater than 
15 mm S.L. A large concentration of recently hatched larvae was present 
in the western sector of the sampling area in October. A similar concen­
tration was evident in the results of cruises during 1972 (Graham, 1982) 
and 1980 (Graham et al., MS 1983). Larvae were also concentrated south 
of Machias Bay. They were larger and presumably hatched earlier than 
those of the first concentration since no recently hatched larvae were 
present south of Machias. A third concentration of larger larvae was 
indicated in the vicinity of Gran Manan Island. This concentration was 
suggested by data from previous years and sampling stations were distributed 
to reveal it. Apparently, the three larval concentrations represent a 
gradient in spawning time delayed progressively from east to west. Thus, 
the relative abundance of recently hatched larvae decreased from west to 
east during the October sampling (Fig. 1) , and they were present only in 
the west during the November-December sampling (Fig. 2) ,
Sullivan Harbor: Catch rates of larval herring in the harbor (Jig.
3) exhibited a progression having characteristics similar to those deter­
mined for the 1980 and 1981 year classes. Larvae were absent during Sep­
tember as during sets in that month in 1980 and 1981. Although fluctuating, 
the catch rate reached a peak in November and then subsided in December.
The peak in catch rate during November also occurred in 1980 and 1981, 
although the peak rate was slightly lower in the former year and higher 
in the latter. The progressions for the three years were all inverse of
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those in 1973 and 1974 when the peak catch rates occurred in October and 
September, respectively, and declined into the winter.
Sheepscot River estuary: Catch rates of larval herring also showed 
fluctuations in the autumn with a double peak (Fig. 3). Catch rates sub­
sided in December, rose slightly in January and reached a small peak in 
February. Except for the double peak, the progression of catch rates was 
similar to that of 1978 (Townsend and Graham, 1981) . The peak catch rate 
completed a five-year period of relatively low larval production.
Central Maine, coastal: As in the past, a coastal survey for larvae 
in the spring was completed for three coastal areas with sampling pursued 
inshore in the Frenchman Bay area, in the Boothbay area and in the Casco 
Bay area. In more recent years, values of the index (combined inshore and 
coastal) were generally low for all three coastal sectors of Maine (Table 
3). However, the value for central Maine was especially high considerably 
exceeding those of 1980-81 and those beginning in 1977. Most of the larvae 
in central Maine were obtained inshore within the Sheepscot and Damariscotta 
River estuaries. The catch in the coastal water was extremely low.
RELATIVE AGE
The research on age and growth using larval otoliths was initiated 
in 1978 (Townsend and Graham, 1981) . It was continued in 1980-82 with 
results suggesting that the data were reliable for identifying larval co­
horts from relative estimates of when they formed their first growth in­
crements (Graham et al. MS, 1983) . Studies on the abosolute time of first 
increment formation are underway. For present purposes, a larval cohort 
was identified as a relatively large group of larvae which collectively 
formed their first increment or ring within the otolith during the same
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time period. Such tine periods usually varied from three to six weeks.
Frequency plots of the date of first increment formation (Fig. 4) 
show the usual temporal progress with advances with each monthly sampling 
of larvae from eastern Maine (Sullivan Harbor) and central Maine (Sheepscot 
River estuary). Sampling during February produced larvae with a first 
increment formation as late as the first week in January. Modal frequen­
cies are also apparent that persist through the months of sampling. These 
are especially evident in Figure 5 where the data are combined. In addi­
tion, data from the concentration of recently hatched larvae in the 
coastal waters of eastern Maine are also shown. These larvae usually had 
either no increments as yet or only 1 or 2. The similarity among all 
three sampling areas during September and October is striking. The fre­
quencies which are apparent largely in November and December represent 
what is considered late spawning. The separation of early and late fre­
quencies was more evident in 1980, but those late were few in 1981 (Figs.
6 and 7).
CHARACTERISTICS OF LARVAL YEAR CLASS
February peak catch rate: Based on the date of first increment for­
mation, late spawning was sufficient to form a cohort of larvae with its 
modal frequency in mid November (Fig. 5) . Although these larvae first 
entered the Sheepscot River estuary in December, their largest inshore 
movement occurred in February (Fig. 4). However, the peak catch rate par­
tially associated with their aggregation in the estuary was relatively low.
November peak catch rate: Monitoring of larval herring in Sullivan 
Harbor during 1973-74 obtained large peak catch rates either in September 
or October, Monitoring in the 1980's (1980-82) obtained few or no larvae 
in September, few in October, a peak in November and a subsequent decline
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in December. However, the peak catch rate in November for the 1982 year
3class was low (less than 2 larvae per 100 m ) .
Larval migration: The movement of larvae hatched in eastern coastal 
Maine westward along the coast as far as the Boothbay Region was sus­
pected previously and was confirmed by the presence of a larval cohort 
captured both in Sullivan Harbor and in the Sheepscot estuary during 
1980. The 1982 larval year class had cohorts traceable not only from 
the estuary to the harbor but probably to the spawning ground in eastern 
coastal water as well. The similarity between the frequency distributions 
of the date of first increment formation occurred in spite of larvae 
moving into the estuary from local areas of hatching. Since spawning and 
hatching times are usually later in western than in eastern Maine, this 
similarity suggested that the autumn abundance of larvae in the estuary 
was characterized by a relatively large larval contribution from the east 
and a small contribution locally.
High spring index: The index of abundance for the central coast of 
Maine was the highest in six years with most of the larvae obtained in 
inshore waters. The import of the spring index after the 1973 year class 
is not understood. For year classes 1965-73, a higher index meant on the 
average a higher recruitment of juveniles to the sardine fishery. It is 
likely that the index lost its representativeness of the larval population. 
In part, this loss was probably due to the low abundance of larvae in the 
coastal segment of the sampling area, especially from 1977 on.
Recently metamorphosed larval herring or "brit" are surveyed during 
summer by the Fisheries Technology Service (DMR) and spotter pilots of the 
Maine coastal fishery. Their evaluation of the results of these surveys 
is always considered in this annual report. This summer, no appreciable 
concentrations of brit were seen as in past years. The brit, although
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present, were not concentrated this past summer, but existed in dispersed 
small groups (personal communication, Philip Averill, FTS). Simultaneously, 
the poor harvest of juvenile herring (age 2) by inshore fixed gear 
suggested that the behavior of both the 1981 and 1982 year classes was 
unusual. Although the behavior of herring at times makes them unavailable 
to fishing gear, the extreme scarcity of juveniles may also suggest that 
in the summer of 1982, it was linked to a poor abundance as well.
FORECAST AND EVALUATION
Forecast of the 1984 fishery; The characteristics of the 1982 larval 
year class resemble those of 1978-81, in that the level of larval catch 
rate in the autumn and winter are at a low level. Assuming that late 
spawning offers increased survival to the larvae, the 1982 YCl lies between 
the 1981 YCl and 1978 YCl in data from the Sheepscot estuary. Although the 
spring index was high (.81) in the central sector of the coast, it was lowest 
recorded in eastern Maine during 9 years of sampling. And, although the 
drift of larvae hatched in eastern Maine to the Sheepscot estuary contributed 
significantly to the larval catch rate, it also suggested that the contri­
bution of spawning off Boothbay was very low, as in 1981. Considering 
these inverse relations, the 1983 and 1980 .fisheries are chosen as reference 
fisheries. We do not know as yet what the harvest of 1983 will be, except 
that it will probably be low, even with a successful autumn fishery. For 
the present, the forecast for the 1984 fishery for 2-year-old herring will 
be less than the 1980 harvest of the 1978 year class; less than 9,000 MT 
and less than 222 X 106 fish.
Evaluation of the 1982 spawning population; Several characteristics 
of the 1982 larval year class cause concern, (1) The new low level of peak 
catch rates begun in 1978 and its association with large harvests of the
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adult fishery is continued in 1982. (2) The rather low catch rate of
larvae yielded by late spawning is disappointing since late spawning may 
lead to higher larval survival and greater recruitment. (3) The similarity 
of the frequency distributions of the dates of first increment formation 
of the otoliths between larvae from Sullivan Harbor and the Sheepscot River 
estuary suggests that larval production in the Boothbay area may be so 
poor that the emigration of larvae from eastern Maine perhaps masked the 
catch from the former. (4) For the third year, the movement of larvae into 
Sullivan Harbor was late compared to that in the 1970's.
Because recent coastal sampling in the autumn (Graham et al. MS, 1983) 
suggests that these characteristics are not related to changes in larval 
drift or spawning grounds, they may be explained by changes in the spawning 
units which make up the coastal stock. The explanation chosen here for 
these characteristics is that some spawning units are weakened; especially 
those that spawn off Boothbay and possibly off Saco Bay. Such weakening 
is insidious in its effect on the fishery, because reasonable recruitment 
from other spawning areas, such as eastern Maine, may mask its influence 
until either a particularly poor survival year occurs or the weakness joins 
hands with an environment that affects their behavior making them somewhat 
unavailable to the fishing gear,
Although the herring has a large inherent potential for recovery of 
recruitment, it is advisable to assist the natural production of young 
along the Maine coast. One approach would be to decrease the harvest of 
adult herring (age 4+) to the average harvest prior to 1978; that is,
3,500 MT. Such a reduction in the summer to autumn fishery in 1984 could 
be evaluated by observations on the larval herring between October, 1984 
through February, 1985 to determine whether such a restriction was effective. 
If a reduction is placed on the harvest of 2-year-old herring, there would 
be a two year lag in the evaluation,
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GRAHAM: Larval Herring Along the Maine Coast
Table 1. Harvests of juvenile herring (age 2) in relation to forecast by the Maine Department of Marine 
Resources for 1975-81. (Catches are in metric tons and the numbers of fish are estimated. 
Application of reference fishery years are noted in the text.)
Dominant Reference Catch forecasts Actual harvest
Fishery
Year
year-
class
fishery
year
Weight
(tons)
Number
(106) Comments
Weight
(tons)
Number
(106)
1975 1973 1971, 1969 2,800-6,700 62-216 Catch may be closer to 2,800 tons. 9,400 172
1976 1974 1969 6,700 216
Forecast may be minimal. Should 
exceed 1975 catch. 13,200 310
1977 1975 1976 13,200 310
Should approach 1976 catch. Stocks 
may be increasing. 18,500 430
1978 1976 1973 > 8,100 > 155 Minimum forecast will be exceeded. 12,751 324
1979 1977 - - - No forecast made. 25,800 747
1980 1978 1975, 1977 9,400-18,500 171-430 Some additional recruitment possible. 9,000 222
1981 1979 1980 > 9,000 > 222 Should exceed 1980 catch. 
High survival indicated.
39,500 868
1982 1980 1976 12,751 324 13,306 273
1983 1981 Index-1973 4,200-9,400 110-172
Table 2. Estimate of forecasting success expressed 
as a percentage of the harvest.
Fishery
Year
Larval 
Year Class
Percentage of Harvest 
Tonnage Numbers
1975 1973 51 81
1976 1974 51 70
1977 1975 71 72
1980 1978 55 65
1982 1980 96 81
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Figure 1. Distribution of three length groups of larval herring during 
October, 1982.
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. Distribution of three length groups of larval herring during 
late November to early December, 1982.
Figure 2
Figure 3. Inshore larval catch rates from the eastern coastal sector 
(Sullivan Harbor) and the central sector (Sheepscot River 
estuary).
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Figure 4. Frequency of the dates of first growth increment formation for 
larval herring 1982 YCl. The number of larvae are combined 
by 7-day intervals.
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Figure 5. Summary of data in Figure 4.
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Figure 6. Frequency of the dates of first growth incitement formation 
for larval herring 1980 YCl. The number of larvae is given 
for individual dates as lines, percent frequency shaded by 
weeks. From Graham et al. MS, 1983.
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Figure 7. Frequency of the dates of first growth increment formation
for larval herring, 1981 YCl. The number of larvae is given 
for individual dates as lines, percent frequency shaded by 
weeks. From Graham et al. MS, 1983.
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